ABSTRACT: Forty-two sows were used to determine the effects of adding a Saccharomyces cerevisiae fermentation product (SCFP) to the gestation and lactation diets on the performance of sows and their progeny. At 5 d before breeding, sows were allotted to 2 dietary treatments representing 1) sows fed a diet with 12.0 g of fermentation product/d through gestation and 15.0 g of fermentation product/d through lactation (SCFP treatment, n = 22), and 2) sows fed a diet with equal amounts of a mixture of corn and soybean meal instead of the SCFP (CON treatment, n = 20). Sow BW and backfat thickness were recorded. Blood was collected from sows, as well as piglets, for the measurement of cell numbers, plasma urea nitrogen (PUN), and IgG. Fecal samples from d 7 to 9 of lactation were collected to determine apparent total tract nutrient digestibility. The composition of colostrum and milk was also measured. No difference (P > 0.10) in reproductive performance was observed between treatments. However, sows in the SCFP treatment tended to have increased total litter weaning weight (P = 0.068) and litter BW gain (P = 0.084) compared with sows in the CON treatment. Neutrophil count was decreased (P < 0.05) by adding the fermentation product on d 110 of gestation and d 17 of lactation, whereas a decreased (P < 0.05) white blood cell count was observed only on d 110 of gestation. Concentration of PUN tended to be greater (P = 0.069) for sows in the CON treatment compared with sows in the SCFP treatment on d 110 of gestation. Apparent total tract nutrient digestibility values of ash, CP, DM, and ether extract were not affected (P > 0.10) by adding the fermentation product. Protein and fat contents in colostrum and milk did not differ (P > 0.10) between treatments. Colostrum from sows in the SCFP treatment contained a greater (P < 0.05) amount of ash than colostrum from sows in the CON treatment. Immunoglobulin G measured in the colostrum, milk, and plasma of piglets did not differ (P > 0.10) between sows in the CON and SCFP treatments. This study indicates that adding the SCFP in the gestation and lactation diets has the potential to 1) improve litter BW gain during lactation, possibly by improving maternal protein utilization, as shown in a tendency to reduce PUN; 2) improve the maternal health status, as shown by the reduced neutrophil cell count; and 3) increase milk production, as shown in a tendency to improve litter BW gain without affecting nutrient composition of the colostrum and milk.
INTRODUCTION
Genetic selection for highly prolific sows has increased nutrient requirements during gestation and lactation to allow an increased milk yield to support large litters (Meat and Livestock Commission, 2006) . Limited nutrient intake would leave sows under severe catabolic status and reduce reproductive performance (Kim and Easter, 2003; Sulabo et al., 2010) . Nutritional strategies to improve milk yield and litter performance would benefit overall pig production. Probiotics and prebiotics have gained attention, and extensive studies have been done to investigate the beneficial effects of probiotics and prebiotics on animal performance and health (Braat et al., 2004; van der Peet-Schwering et al., 2007; Schierack et al., 2009) , including supplemental yeast and yeast-related products (van Heugten et al., 2003; van der Peet-Schwering et al., 2007; Kim et al., 2008; Shen et al., 2009; Price et al., 2010) .
A Saccharomyces cerevisiae fermentation product (SCFP) is produced during fermentation of an unmodified strain of S. cerevisiae, including the products of fermentation, residual yeast cells, yeast cell wall fragments, and the media used during fermentation. It has been shown to improve nutrient digestibility and utilization, as well as to increase milk production in ruminant animals (Cole et al., 1992; McCoy et al., 1997; Sanchez et al., 1997; Robinson and Garrett, 1999) . Research has indicated that supplementation with a yeast culture enhances the growth performance, milk production, N balance, nutrient digestion, and reproductive performance of pigs (Kornegay et al., 1995; van der Peet-Schwering et al., 2007; Kim et al., 2008 Kim et al., , 2010 Shen et al., 2009 ). However, little research has been conducted in sows. Thus, this study was conducted to determine the effects of an SCFP on sow reproduction, milk composition, and progeny performance when fed to sows before breeding and during the entire gestation and lactation periods.
MATERIALS AND METHODS
Experimental protocols were approved by the Institutional Animal Care and Use Committee at North Carolina State University (Raleigh).
Animals and Experimental Design
Forty-two sows (169.5 ± 7.4 kg, average parity = 1.76 ± 0.78; Camborough-22, PIC, Hendersonville, TN) were allotted to 2 dietary treatments 5 d before breeding. The test product evaluated in this study was an SCFP (Diamond V Original XPC, Diamond V, Cedar Rapids, IA) that is generally recognized as safe by the FDA. Treatments were as follows: 1) treatment sows fed a basal diet with 12.0 g of fermentation product/d for 5 d before breeding through gestation and 15.0 g of fermentation product/d through lactation (SCFP treatment, n = 22), as suggested by Kim et al. (2008) , and 2) control sows fed a corn-soybean meal basal diet with no supplementation (CON treatment, n = 20) . During gestation, sows were housed in individual gestation crates (0.6 × 2.0 m). Each crate was equipped with a stainless steel nipple for water and a concrete trough into which 2 kg of gestation diet was dropped daily (0800 h) from a timer-controlled automatic feeding system. On d 30 of gestation, sows were examined via ultrasound (SonoSite 180Plus, SonoSite Inc., Bothell, WA) to confirm pregnancy. Sow BW was measured using a walk-through scale, and backfat thickness (BFT) was measured via ultrasound 5 d before breeding and at d 30, 70, and 110 of gestation. On d 30 and 110 of gestation, blood was collected (9 mL) via jugular venipuncture to determine cell numbers and plasma urea nitrogen (PUN) concentrations.
On d 109 of gestation, sows were transported to the farrowing facility, where they were placed in individual farrowing crates (2.4 × 2.4 m). Farrowing crates were equipped with 2 stainless steel water nipples, 1 for sows and 1 for piglets, and stainless steel feeders, in which sows were provided lactation diets. Each crate had steel mesh floors with a heat lamp for newborn pigs. Sow BW and BFT were recorded on d 1 (12 h within farrowing), 7, 14, and 21 of lactation. Litters were weaned on d 21 of lactation. Voluntary feed intake was measured through the 21 d of lactation. From d 7 to 9 of lactation, 0.25% chromium oxide was added in lactation diets as an indigestible marker to measure apparent total tract nutrient digestibility (ATD). Colostrum was collected from sows on d 1 of lactation within 4 h after initiation of farrowing. Milk was collected on d 17 after an intramuscular injection of 10 IU of oxytocin behind the ear. Composition of DM, CP, and ether extract, as well as IgG content in colostrum and milk, were measured. Piglet BW was recorded on d 1 (within 12 h of birth) and 21. On d 1 of lactation, blood samples were collected via jugular venipuncture from 1 barrow and 1 gilt from each litter representing average birth weights for cell counts and IgG measurement. Blood was sampled again on d 17 from the same piglets. On d 21 of lactation, blood was collected from sows via jugular venipuncture for measurement of cell counts and PUN.
Experimental Diets
Basal diets for all sows contained corn as a major energy source and soybean meal as a major protein source. Gestation diets contained 12.2% CP and 3.1 Mcal of ME/kg, and lactation diets contained 19.2% CP and 3.3 Mcal of ME/kg. Diets were formulated according to nutrient requirements (NRC, 1998; Table 1 ). Sows were limit-fed throughout gestation, receiving 2 kg/d (as-fed basis) of the gestation diet. At 0800 h, sows received 12 g/d of their respective treatment top dressing through a drop feed dispenser from 5 d before breeding to farrowing. The grain mix top dressing for the CON treatment was a mixture of corn and soybean meal to provide 15% CP that matched the CP concentration in the fermentation product. On d 109 of gestation, sows were moved into farrowing crates. After farrowing, sows were given ad libitum access to the lactation diet. Fresh feed was provided 3 times, at 0800, 1200, and 1700 h, and the amount given at each meal was based on how much feed was consumed. At 0800 h, any feed left from the previous day was removed and weighed. Fresh feed during lactation was provided with 15 g/d of the respective treatment top dressing on the feed.
Blood Cell Counts
Blood was sampled from sows via jugular venipuncture 2 h after feeding on d 30 and 110 of gestation, as well as on d 21 of lactation. Blood was collected using 10-mL syringes and disposable 16-gauge × 0.1-mm hypodermic needles (Air-Tite Product Co. Inc., Virginia Beach, VA). Blood samples were also collected from 2 piglets per litter, 1 barrow and 1 gilt, representing the average BW of each litter at d 1 (within 12 h of farrowing) and 17 of lactation. Blood was collected into 4-mL heparin-coated blood tubes using 25-gauge × 0.025-mm Vacutainer needles (BD, Franklin Lakes, NJ) for newborn piglets and 22-gauge × 0.025-mm Vacutainer needles for 17-d-old pigs. Whole blood from both sows and progeny was analyzed for hematological counts (Cell-Dyn 3700, Abbott Diagnostics, Abbott Park, IL). Blood was then centrifuged at 5,000 × g for 15 min at room temperature, and plasma was separated and stored at −80°C for analysis. Plasma from blood was later analyzed for PUN (sows) and IgG (piglets).
PUN
Concentration of PUN was analyzed according to method described by Mateo et al. (2008) . Briefly, perchloric acid (0.5 mL of 1.5 M HC1O 4 ) was added to the plasma (0.5 mL) on ice, followed by vortexing for 2 min. While the plasma was on ice, 0.25 mL of 2 M anhydrous potassium carbonate was added to the tube. After an additional 3 min, the tube was vortexed and left on ice for 3 min, followed by centrifugation at 2,000 × g at 4°C for 15 min. The supernatant fraction was separated from the sediment gathered at the bottom of the tube and was placed in 1-mL conical tubes. Next, urea was allowed to hydrolyze to NH 3 by combining a mixture of 100 μL of urea standards and samples, 80 μL of sodium phosphate buffer (pH 7.5), and 20 μL of urease solution in clean 12 × 75 mm polypropylene tubes. The mixture was incubated in a water bath at 37°C for 15 min; 2 mL of phenol-sodium nitroprusside solution and 2 mL of 11 mM sodium hypochlorite solution were then added, and the solution was mixed thoroughly before returning to the water bath at 37°C for 30 min. Absorbance was read at 550 nm (Genesys 6 UV/Vis Spectrophotometer, Thermo Fisher Scientific Inc., Waltham, MA).
ATD
From d 7 to 9 of lactation, sows were fed diets containing 0.25% chromic oxide as an indigestible marker to measure apparent nutrient digestibility. Fecal samples (approximately 0.25 kg) were collected on d 8, 9, and 10 into individual plastic containers and kept frozen at −20°C. Sows were individually walked out of their lactation crates to stimulate defecation for collection of fresh samples directly from sows. Each frozen fecal sample was divided into subsamples for further analyses. One set of subsamples was oven-dried at 105°C for 48 h, ground using a coffee grinder, and shipped to the Experiment Station Chemical Laboratories at the University of Missouri-Columbia for chromium analysis. Contents of CP and chromium were used to calculate ATD using the following formula:
where ND is the nutrient concentration in diets, NF is the nutrient concentration in fecal samples, CRF is the concentration of chromium in fecal samples, and CRD is the concentration of chromium in the diets.
Colostrum and Milk
Colostrum samples (10 to 20 mL) were collected from the third, fourth, and fifth pairs of mammary glands of sows within 4 h after the initiation of farrowing. Milk samples (5 to 15 mL) were also collected from the third, fourth, and fifth pairs of mammary glands on d 17 after an intramuscular injection of 10 IU of oxytocin behind an ear. Milk and colostrum samples were frozen at −80°C and later analyzed for ash, CP, ether extract, moisture, and IgG concentration. Crude protein was measured by Kjeldahl N analysis. Moisture and ash were measured by oven-drying 5 g of samples at 105°C for 16 h in crucibles and then reweighing the samples (for moisture), placing them in a muffle furnace for 8 h at 550°C, and reweighing them (for ash).
IgG
Total concentrations of IgG in the colostrum and milk of sows, as well as in the plasma of neonatal pigs, were measured according to the method described by Chaytor et al. (2011) using an ELISA Kit for swine IgG (Bethyl Laboratories Inc., Montgomery, TX). Briefly, goat anti-pig IgG or goat anti-pig IgM was used as capture antibodies to coat wells. Samples were diluted to 1:10,000. Horseradish peroxidase goat anti-pig IgG was used as the detection antibody. Absorbance was read at 450 nm by using an ELISA plate reader (Synergy HT, BioTek Instruments, Winooski, VT) and software (KC4 Data Analysis Software, BioTek Instruments). Detection limits were 7.8 to 500 ng/mL. Intra-and interassay CV were 4.4 and 5.7% for plasma, 6.5 and 7.6% for colostrum, and 5.3 and 7.2% for milk samples, respectively. 
Statistical Analysis
All data was analyzed using the GLM procedure (SAS Inst. Inc., Cary, NC). The study was a completely randomized design with dietary treatment as the main effect. The sow or litter was the experimental unit. Probability values less than 0.05 were used as the criterion for statistical significance, and values less than 0.10 were used as the criterion for a tendency.
RESULTS
Body weight and BFT of sows during gestation and lactation were similar between treatments ( Table 2 ). The ADFI of lactating sows did not differ between treatments. The number of days from weaning to estrus and from weaning to conception did not differ between treatments. The numbers of piglets born alive and weaned did not differ between treatments. However, sows in the SCFP treatment tended to have increased litter weaning weight (P = 0.068) and litter BW gain from birth to d 21 (P = 0.084) compared with sows in the CON treatment (Table 2 ).
Blood cell counts on d 30 of gestation were not different between treatments (Table 3) . Neutrophil and white blood cell (WBC) counts were greater (P < 0.05) for sows in the CON treatment on d 110 of gestation compared with the WBC counts of sows in the SCFP treatment. The neutrophil count was also greater (P < 0.05) for sows in the CON treatment at d 21 of lactation than for sows in the SCFP treatment. Mean cell volume and mean cell hemoglobin of sows in the SCFP treatment were greater (P < 0.05) than those of sows in the CON treatment on d 21 of lactation.
Plasma urea nitrogen concentrations did not differ between treatments on d 30 of gestation (Table 4) . However, sows in the SCFP treatment tended to have decreased (P = 0.069) PUN concentration compared with sows in the CON treatment at d 110 of gestation. No difference in PUN concentration was observed between treatment groups on d 21 of lactation. Apparent total tract digestibility values of ash, CP, DM, and ether extract were not affected by supplementation of the SCFP when measured on d 7 to 9 of lactation (Table   5 ). Concentrations of CP, ash, and ether extract in the colostrum and milk did not differ between treatments (Table 6 ). Immunoglobulin G concentrations in the colostrum and milk were similar between treatments.
At birth, piglets from sows in the SCFP treatment had decreased (P < 0.05) red blood cell counts, hemoglobin concentrations, mean cell hemoglobin concentrations, and hematocrit percentages compared with piglets from sows in the CON treatment (Table 7) . Piglets from sows in the SCFP treatment showed a tendency (P = 0.060) to have greater mean cell volumes than piglets from sows in the CON treatment. No differences in hematological measurements were observed on d 17 of lactation (Table 7 ). The concentration of IgG in the plasma of piglets did not differ between treatments on d 1 or 17 of lactation (Table 8) . The growth-promoting and potential antibiotic alternative properties of yeast culture products (van Heugten et al., 2003; van der Peet-Schwering et al., 2007; Shen et al., 2009; Price et al., 2010) increased our attention to this interesting feed additive. Several studies have been conducted to determine the growthpromoting effect and mechanism of yeast culture additives in swine diet. In previous studies, benefits of yeast culture products in swine production were attributed to promoting feed intake (Veum and Bowman, 1973; Shen et al., 2009 ), increasing ADG (van der Peet-Schwering et al., 2007 Shen et al., 2009) , and improving the feed efficiency of pigs (van der Peet-Schwering et al., 2007) .
DISCUSSION
Our data demonstrate that supplementing sow diets with an SCFP tended to increase litter weight gain. Kim et al. (2008 Kim et al. ( , 2010 ) also demonstrated increased litter weight gains when gestating and lactating diets were supplemented with an SCFP on a commercial farm. However, when yeast culture was fed (0.5, 1 or 2%) with 12.5% alfalfa meal from d 60 of gestation to weaning in previous research, litter weight gain was not affected (Veum et al., 1995) . Different possibilities might explain these discrepancies. One possible explanation is that the length of supplementation can influence its effects. We supplemented the SCFP before breeding in addition to during the gestation and lactation periods. Shen et al. (2009) showed that yeast cul- ture had a positive effect on gut health and the immune system. Health benefits may take time to affect the performance of gestating and lactating sows. In this study, we found that neutrophil count, WBC count, and PUN concentration were affected on d 110 of gestation, but not d 30 of gestation. We speculate that supplementation of this SCFP in sow diets may require a conditioning period to show health and production benefits. Another possible explanation is that the SCFP affected litter size and litter weight at birth because the supplementation was initiated before breeding in this study, whereas other products did not. There was no difference in litter size at birth and at weaning, but numerical increases in litter size by 1.2 pigs at birth and 1.1 pigs at weaning when sow diets were supplemented with the SCFP may also have contributed to the increase in litter weight gain in this study. Another possible explanation is the difference in dietary composition among studies. Kornegay et al. (1995) reported that the growth-promoting effect of yeast culture may depend on the dietary ingredients. They observed that yeast culture supplementation improved ADG for pigs fed a diet containing soybean hulls, but it had no effect on pigs fed a corn-soybean meal diet.
Results of this study indicate that dietary supplementation of the SCFP during gestation and lactation tended to improve litter weight gain without affecting nutrient composition of the colostrum and milk. The amount and quality of colostrum and milk are major determinants of litter performance (Lewis et al., 1978; Boyd and Kensinger, 1998) . Thus, it can be speculated that the increase in litter weight gain may have been due to increased milk production. Yeast culture has long been used as a dietary supplement for dairy cows to improve milk production (McCoy et al., 1997; Sanchez et al., 1997) . However, in sows, there is limited research evaluating the effect of yeast culture on the quality and quantity of colostrum and milk. The milk production of sows is influenced by their nutritional status, in particular the energy and protein supply during lactation (Kim et al., 1999; McNamara and Pettigrew, 2002) . Increased milk production can be due to increased nutrient availability, increased metabolism in mammary glands, and improved mammary gland growth (Kim et al., 2000) . In this study, we did not observe changes in voluntary feed intake or ATD with supplementation of the SCFP, indicating that the amount of nutrients available for utilization was not affected. However, sows in the SCFP treatment had a tendency toward reduced concentrations of PUN in late gestation, indicating that improved efficiency of protein utilization during late gestation is one potential reason for the increased milk production.
The voluntary feed intake of lactating sows was not affected by the SCFP in our previous studies (Kim et al., , 2010 . This observation is consistent with the work of Veum et al. (1995) . Therefore, the benefits of the SCFP in lactating sow diets may have been due to improvements in animal health or metabolism, rather than from increasing feed intake. This is supported by the fact that sows fed SCFP had reduced plasma neutrophils during lactation.
Yeast culture has been shown to improve total tract nutrient digestibility of weaning pigs (Shen et al., 2009) . In gestating and lactating sows, Veum et al. (1995) reported no improvement in total tract digestibility when the diets were supplemented with different concentrations of yeast culture. We also did not observe an improvement in total tract digestibility in lactation with supplementation of this particular SCFP. It is interesting that PUN, a waste product of protein breakdown, tended to be reduced in sows in the SCFP treatment when measured in late gestation, whereas it was not affected during lactation. Many factors could lead (Davis et al., 1970; Eggum, 1970; WrayCahen et al., 1991) . Because the quality and quantity of dietary protein, as well as the nutrient digestibility, were not affected by supplementation of the SCFP, we can speculate that the tendency toward reduced PUN in late gestation might have been due to an increase in an anabolic pathway or a decrease in a catabolic pathway, either of which would lead to better energy and N utilization.
To obtain more knowledge about how this particular SCFP affected the sow and litter, we measured the blood cell composition of sow and piglet plasma during the gestation and lactation periods. We also measured the IgG content of sow colostrum and milk, as well as the plasma from piglets. Supplementing sow diets with the SCFP resulted in decreased plasma neutrophils on d 110 of gestation and d 21 of lactation, as well as decreased WBC on d 110 of gestation. Results indicated that the SCFP may be able to modulate the immune system. This is consistent with several studies that have investigated the action of yeast culture or yeast cell wall components on the immune system and animal health (Muchmore et al., 1990; Podzorski et al., 1990; White et al., 2002; Shen et al., 2009; Price et al., 2010 ). An increased neutrophil count could be one indication of inflammatory challenge because neutrophils serve as the first line of defense associated with subclinical and clinical infection (Roth, 1999) . A reduced inflammatory challenge may be due to improved gut health, as shown in our previous study (Shen et al., 2009) , which reported that the macrophage-activating cytokine IFN-γ was increased in gut mucosa by yeast culture supplementation. Efficient phagocytosis of bacteria by macrophages may prevent the migration of pathogenic bacteria out of the mucosa (Kaiserlian et al., 2005) . Thus, this would decrease the systemic immune response and, in turn, alleviate catabolic actions. This increased mucosa immune defense could be one possible reason for the decrease in neutrophil counts and WBC counts observed in this study. A reduced immune challenge could be one of the reasons for a positive effect of dietary supplementation of the SCFP on sow and litter performance. A tendency toward improved utilization of N could be another reason, even though it was limited to the effects in late gestation.
This study did not indicate differences in concentrations of IgG in the colostrum, milk, or plasma of piglets between the CON and SCFP treatment groups. Our previous study (Shen et al., 2009) reported that supplementation of an SCFP in weaning pigs supported the innate immune response. Considering that IgG is predominantly involved in the secondary immune response, this may explain why no difference in IgG content between groups was observed. We also found that supplementation of the SCFP did not affect the composition of colostrum and milk, including ash, CP, DM, and ether extract. Krakowski et al. (1999) demonstrated that intramuscular injection of yeast-derived β-glucan to pregnant mares increased colostral IgG concentrations. This response is believed to be mediated by the nonspecific stimulation of dectin-1 receptors on monocytes, macrophages, and neutrophils of the innate immune system (Brown and Gordon, 2005; Volman et al., 2008) . Similarly, Krakowski et al. (2002) reported that nonspecific immunostimulation of pregnant sows increased colostral IgG concentrations. Differences between these studies and ours may be due to differences between products, the duration of treatments, the dose, and the treatment delivery methods. As described previously, apparent nutrient digestibility measurements (d 7 to 9 of lactation), blood collection (d 1 and 21 of lactation), and collection of colostrum and milk (d 1 and 17 of lactation) were not conducted concurrently on the same day during lactation to avoid complications in scheduling all the procedures.
Collectively, the results of the present study indicate that sows fed diets supplemented with this particular SCFP throughout gestation and lactation potentially increase litter weight gain. Possible modes of action include improved maternal health status, as shown in a reduced neutrophil cell count; improved maternal protein utilization, as shown in a tendency toward reducing PUN concentrations; and increased milk production, as shown in a tendency toward improve litter BW gain without affecting the nutrient composition of the colostrum and milk. In this study, litter size was not affected by the SCFP fed to sows, but the numerical increase (1.2 pigs) in litter size may also have contributed to the potential increase in litter weight gain. The SCFP (Diamond V Original XPC, Diamond V, Cedar Rapids, IA) was top dressed at 12.0 g/d during gestation and at 15.0 g/d during lactation.
